Abstract: This study deals with the structure of the El Hongo trondhjemite, a ENE-WSW elongate pluton belonging to the Famatinian magmatic arc that developed from Late Cambrian to Silurian times in the Sierras Pampeanas (Argentina). Anisotropy of magnetic susceptibility (AMS) measurements combined with structural and microstructural data pennit the correlation of magmatic and magnetic fabrics within this ferromagnetic pluton. Magnetic foliations strike north-south and dip steeply west but in the marginal facies the foliation becomes parallel to the ENE-WSW pluton contacts. Magnetic lineations mostly trend north-south and plunge SE. Gravity data reveal that the pluton is in the fonn of a very thin horizontal sheet resting on two north-south-trending root zones detected below the central portion of the pluton. These root zones represent feeder dykes that exploited tension fractures. The emplacement of the El Hongo pluton took place during the action of a buried sinistral shear zone, parallel to the elongation of the pluton, corresponding to a transfer fault associated with the late extensional exhlUllation of the Famatinian domain. The emplacement of other Famatinian granites of the Sierras Pampeanas could be related to similar late shear zones.
Experimental work on salt tectonics has infl uenced the thinking about the intrusion of granites so greatly that the ascent of granite magma has until recently been described in terms of diapirism alone (price & Cosgrove 1990). For granite plutons emplaced at sha110w crustal levels, deformation studies (Hutton 1988 (Hutton , 1992 and theoretical considerations (Vigneresse 1995; Clemens 1998) point to dyking or faulting of the country rocks as alternative, and more efficient, migration mechanisms. This variance in ascent mechanisms does not preclude that analogies between salt diapirs and granite plutons could exist at the emplacement level In this regard, this study deals "With the formation of a granite canopy resulting from the coalescence of two latera11y spreading intru sions that were fed through vertical, en echelon fractures. Only by applying a multidisciplinary approach, which combines fi eld structural and anisotropy of magnetic susceptibility data with results from a gravity survey, was it possible to infer that this fl at lying canopy of granite was supported by two buried roots. Salt canopies have been recognized in various regions worldwide (Jackson 1995) , but equivalent structures are not yet we11 constrained in granites. A salt canopy is a composite diapiric structure formed by the coalescence of latera11y spreading diapir bulbs or salt sheets (Jackson & Talbot 1993) . It differs from a laccolith because a salt canopy is constructed by several intrusions that have pierced the overburden through different feeder stems, whereas a laccolith is a concordant intrusion with a postulated feeder dyke commonly thought to be beneath its thickest point (Corry 1988) . It is true that canopy-like structures are implicit in a number of previous studies dealing with the emplacement of granite plutons (Amice & Bouchez 1989; Tobisch & Cruden 1995; Aranguren et al. 1996) , but typical structures associated with salt canopies, such as the synform generated over the jllllction of a pair of salt diapirs (Jackson & Talbot 1993), have not yet been recognized in granite plutons.
The pluton under consideration, referred to as the El Hongo trondhjemite, is a sma11 massif located at the southern corner of the Sierra Chica de Cordoba, the easternmost range of the Sierras Pampeanas, in Argentina ( Fig. 1) . The Sierras Pampeanas of central Argentina are composed to a great extent of Pre Mesozoic basement of the Andes that -..v as part of the southern palaeo-margin of Gond-..v ana (Da11a Salda et al. 1992 , 1998 Dalziel 1992 Dalziel , 1997 . This basement preserves varied geological evidence for the action of successive orogenic cycles that range from the Neoproterozoic Early Cambrian Pampean orogeny (Acefiolaza et al. 1990 ) to the Devonian Achalian orogeny (Sims et al. 1998) , with the intervening Famatinian cycle of Late Cambrian to Silurian age. It is thought that these superimposed orogenic cycles were produced by sequential reactivations of subduction and convergence processes along the Proto-Pacifi c margin of Gondwana (pankhurst & Rapela 1998) .
Granites were emplaced during each orogenic cycle (Ortiz Suarez et al. 1992; Llambias et al. 1998; Saavedra et al. 1998) . Three main groups of granite rocks are usua11y recognized in the Sierras Pampeanas, based on their emplacement ages and chemical compositions (Da11a Salda et al. 1992 , 1998 Sims et al. 1998) . The oldest group, Gl, corresponds to pre-Famatinian tonalites to granodiorites of ca1c-alkaline, metaluminous to peraluminous compositions. These granitoids are frequently transformed into mylonitic rocks as a result of the action of subsequent orogenies. The second group, G2, corresponds to Famatinian monzo-to syeno-granites (Da11a Salda et al. 1998) or to high-Na trondhjemite tonalite llllits (Rapela et al. 1998 ). Fina11y, large, high-K post-tectonic batholiths of Devonian (Sims et al. 1998) the age of tectonic events and the role of the lithospheric mantle that was actively involved in the magmatism. However, the interpretation of geological information gained from these granite rocks is not straightforward, because of the polyorogenic nature of the basement and the uneven reworking produced by each orogenic cycle in different portions of the Sierras Pampea nas. These factors could aCcOlmt for the discrepancy in views on the Palaeozoic magmatic evolution of the Sierras Pampeanas, as evidenced by the diverging time spans suggested for the Famatinian magmatism: 480 500 Ma (Rapela et al. 1998), 420 460 Ma (Dalla Sa1da et al. 1998) or 450 460 Ma (Sims et al. 1998 ). An additional consequence of the complex tectonic and magmatic evolution of the Sierras Pampeanas is that even the classifi cation of several granite plutons in terms of pre-, syn-and post-kinematic intrusions is diffi cult (Llambias et al. 1998; Llambias 2003) .
Although the El Hongo pluton is post-kinematic with regard to the main regional phases of deformation recognized in the country rocks, the new data presented here point to a tectonica11y contro11ed emplacement and provide an opportunity to study the links between emplacement processes and defonnational events where there is no other clear structural evidence preserved in the fi eld.
Regional fr amework
The basement of the Sierra Chica de Cordoba consists of upper amphibolite-facies to high metamorphic grade gneisses, with and Calmayo (CP) plutons and the trajectories of the regional foliation produced during the Famatinian orogeny. minor marbles, amphibolites and ultrabasic rocks, intruded by granitic plutons emplaced at various crustal levels. The protoliths for these rocks have been interpreted as a predominantly clastic sedimentary sequence that was deposited in the accretionary prism of the Pampean subduction system (Da11a Salda et al. 1992 , 1998 Rapela et al. 1998 ). According to current opinion, the Pampean orogeny refl ects the co11ision between the South American craton and an accreted Pampean terrane (Kraemer et al. 1995; Rapela et al. 1998; Sims et al. 1998) . A younger subduction event -was established along the same palaeo-margin between 490 and 390 Ma (Pankhurst & Rape1a 1998) .
The El Hongo pluton belongs to the G2 group of trondhje mite tonalite intrusions associated with the Famatinian subduc tion event that started at 500 Ma (Rapela et al. 1998) . Figure 1 a gives the location of the Famatinian G2 granites in the Sierra de Cordoba, with the Giiiraldes and La Fronda plutons in its northern sector and the San Agustin, Calmayo and El Hongo plutons in the southern part Rapela et al. 1998 ). Rapela et al. (1998 have interpreted a sensitive high resolution ion microprobe (SHRIMP) age of 438 ± 7 Ma on monazite from the Giiiraldes G2 trondhjemite as dating a reset ting event caused by heating associated with post-G2 dextral shearing. Martino et al. (1995) and Ba1do et al. (1996) provided the basis for the tectonic evolution of the Sierras de Cordoba. The structure of the country rocks refl ects the overprinting of several deformational events. The oldest structure corresponds to a gneissic foliation (Sl) that is poorly preserved either in intrafolial D2 folds or as an internal foliation in porphyroblasts of garnet or plagioclase. The most penetrative foliation (S2) almost obliterates previous structures. The S2 schistosity is para11el to the axial plane of kilometre-scale and westward-verging folds that are related to the post-metamorphic exhumation of the region . Because of the sma11 interlimb angle of such folds, S2 becomes para11el to the gneissic layering. S2 dips moderately to the east and dominantly strikes NW SE. Within the study area, the trajectories of the foliation show some local defl ections towards northward strikes (Fig. 1 b) . Fold axes are subhorizontal and NW-trending. North-and NW-striking shear zones c10se in time to S2 are also present but neither their regime nor their kinematics is we11 constrained, and they have been interpreted in various ways: as westward overthrusts , dextral transpressional shear zones (Stuart Smith et al. 1996) or extensional faults (Whitmeyer & Simpson 2003) . Aerial and sate11ite images permit the recognition of several lineaments with no c1ear structural expression in the fi eld, such as the Ctalamochita ENE-striking lineament adjacent to the El Hongo pluton.
The granite: fi eld and petrographical features
The El Hongo pluton is a sma11 massif of nearly rectangular shape (4 km long and 1 km wide) with an ENE WSW elonga tion that transects the dominant north south structure of the metamorphic country rocks (Fig. 1 ). The contacts with the COlllltry rocks are sharp, steeply dipping and discordant. In detail, the largest ENE WSW-striking contacts are disrupted and displaced by sma11er north south stretches corresponding to faults para11el to the S2 schistosity of the COlllltry rocks. The roof of the pluton has been preserved by erosion only in the central part of the pluton (Fig. 2) , where large blocks of -wa11 rocks overlying the granite are concentrated in a north south-trending corridor corresponding to a depressed synform relative to the nearest outcrops of country rocks.
The El Hongo pluton includes two facies with similar compositions but different textures (Fig. 2) . The most abundant rock type is a coarse-grained, hypidiomorphic trondhjemite. Fine-grained porphyritic varieties are restricted to the marginal facies that occur along the northern and southern contacts (Fig.  1 b) . Contacts between facies are transitional Dykes with chi11ed margins intrude these facies. Both the coarse-and fine-grained trondhjemites consist of more than 90% plagioc1ase and quartz and less than 10% mafi c minerals. Accessory minerals are biotite, epidote, apatite, zircon and titanite. Minor interstitial K feldspar and hornblende are present in a few samples. Chlorite is a secondary mineral commonly fOlllld in the eastern half of the massif, as a result of late hydrothermal alterations. Plagioc1ase has osci11atory and patchy zoned cores and slightly reabsorbed and norma11y zoned rims (Fig. 3a) . Mean core and rim composi tions of plagioc1ase are An23 and An20, respectively. Quartz occurs as large equant aggregates or as sma11 anhedral grains in interstices between plagioc1ase grains. Biotite is the most ablllldant mafi c mineral Idiomorphic epidotes armoured in plagioclase and biotite often contain a11anite inc1usions (Fig. 3b) . These textural features are consistent with a magmatic epidote (Sial et al. 1999) , which indicates a deep origin and fast ascent of the magma (Zen & Hammarstrom 1984; Schmidt & Thomp son 1996) . Magnetite appears as sma11 (0.2 0.5 mm) euhedral to subequant inc1usions in biotite (Fig. 3c) . Some coarse-grained rocks show graphic intergrmvth of quartz and plagioc1ase. The fine-grained porphyritic trondhjemite is characterized by pheno- crysts of plagioc1ase with fine-scale zoning set in a grolllldmass of phaneritic quartz, plagioc1ase and biotite. The development of these fine-grained facies suggests that the El Hongo pluton is a sha110w intrusion. Two main types of planar structures of magmatic origin exist "Within the El Hongo pluton. A foliation can be recognized only in outcrops formed by porphyritic rocks with large plagioc1ase and biotite crystals that have a we11-developed preferred orienta tion. In contrast, there is a noticeable magmatic layering ( Fig.  3e ) composed of biotite-rich bands usua11y less than 1 cm thick alternating with thicker layers (2 30 cm) enriched in plagioc1ase and quartz. The layering is para11el to the foliation and single layers can extend several tens of metres with steep dips and a dominant north south strike (Fig. 3d) . Along the northern and southern borders of the pluton, the foliation and magmatic layering have WSW ENE trends para11el to the pluton elonga tion. No gradual defl ection of the layering has been observed from the dominant north south orientation inside the massif to the WSW ENE strike at the pluton borders.
Magmatic structures predominate in the El Hongo pluton but incipient solid-state deformation at high-temperature conditions is imprinted over the magmatic structures within most of the samples from the marginal facies. The magmatic origin of the dominant foliation is evidenced by the coexistence of we11-aligned biotite and plagioc1ase porphyrocrystals with rollllded aggregates of quartz, which attests to the lack of solid-state intracrysta11ine deformation. Samples from the marginal facies contain quartz aggregates with a mosaic microstructure of square grains and subgrains ( Fig. 3f) , indicating high-temperature defo=ation (>500-550 QC) in subsolidus conditions (Mainprice et al. 1986; Blumenfeld & Bouchez 1988) . Such deformation took place by the end of the crystallization but still at high temperatures, as shovm by the widespread development of mosaic microstructure in quartz grains that display only a very \Veak elongation (Fig. 3t) . In the NE corner of the pluton, there is brittle shearing leading to penetrative micro fracture networks and kink-band microstructures in biotite and chlorite.
Anisotropy of magnetic susceptibility
The anisotropy of magnetic susceptibility (AMS) in a low magnetic field is now used routinely for the structural analysis of granitoids (Bouchez 1997) because it allows a fast and accurate measurement of the directional components of the rock fabric, even if such fabrics are so weakly developed that they cannot be identified by the naked eye. AMS is an excellent tool for unravelling the petrofabric of igneous rocks (Hrouda 1982; Borradaile 1988; Borradaile & Henry 1997) and provides a rapid picture of the internal structure of a pluton. In particular, this technique is very useful in the measurement of the linear component of the rock fabric, which is very difficult to recognize in the fi eld (Bouchez 1997).
Sampling and measurements
This study is based on the analysis of the magnetic susceptibility of oriented samples from 29 sites chosen to obtain a coverage as regular as possible of the entire surface of the El Hongo pluton (Fig. 2) . Two or three oriented cores per site were extracted with a portable drilling machine, and two cylindrical samples (25 mm in diameter and 22 mm high) were obtained from each core, affording 120 measured specimens. Thin sections were made for each station to correlate the ASM parameters with mineralogy and microstructures. The specimens were analysed using a Kappabridge KLY-2 susceptometer (Geofysica, Brno), working in a low alternating field (a.f.; 4 X 10 4 T; 920 Hz) with resolution better than 5 X 10 8 SI lUlits. Each specimen was measured in 15 directions, allowing the calculation of magnitudes and orientations of the three principal axes of the AMS ellipsoid (Kl �K2 �K3).
The magnetic susceptibility, K, is defined by the ratio between the induced magnetization of the material and the inducing magnetic field.
For each station, the bulk susceptibility, K, represents the average of the arithmetic means of the KJ, K2 and K3 magnitudes of the specimens ((Kl + K2 + K3)/3). The diamagnetic constant was subtracted from all the samples. The magnetic lineation (parallel to K1) and foliation (noTIll al to K3) for each station were computed from the averages of the Kl and K3 orientations of individual specimens. The degree of anisotropy and shape of the AMS ellipsoid were studied by using the pt and T parameters of Ielinek (1981) . The anisotropy degree, pi, varies from pi = 1 (isotropic, spherical AMS ellipsoid) to infinity. The shape parameter, T, varies between T = -1 (prolate ellipsoids) and T = + 1 (oblate ellipsoids). These parameters are defined by the following expressions:
where fLl = I n Kmaximum, fL2 = I n K intermediate , fL3 = ln K minim\IIl ' and f1.m = ln K medi\IIl .
Mineralogy and magnetic susceptibility
Depending on their mineralogy, granites may show paramagnetic or ferromagnetic behaviour. In paramagnetic granites, the mag netic susceptibility is due essentia11y to the contribution of Fe bearing silicates such as biotite or amphibole (Bouchez 1997). In ferromagnetic granites, the paramagnetic contribution of Fe Mg silicates may become negligible -..vith respect to the ferromagnetic contribution because of the high intrinsic magnetic susceptibility of the ferromagnetic minerals (usua11y magnetite). A precise knowledge of the magnetic mineralogy of a rock is required for the interpretation of the results obtained with the AMS tech nique, notably as regards quantifi cation. This is particularly important when susceptibility is due to various mineral phases and when their magnetic subfabrics are not coaxial (Rochette et al. 1992) .
The mean magnetic susceptibility, K, varies from 5.75 X 10-6 SI to more than 8700 X 10-6 SI (Table 1) . Samples from only seven sites provide K values lower than 300 X 10-6 SI typical of paramagnetic granitoids, which suggests that their magnetic fabric mainly refl ects the orientation of biotite, the only Fe-bearing silicate in the El Hongo pluton. Values of K greater than 300 X 10-6 SI (83% of sites) suggest that ferromagnetic minerals, probably magnetite, make signifi cant contributions to the magnetic susceptibility (Rochette 1987; Bouchez 1997) . The nature of the magnetic phases \Vas determined using a CS-2 furnace apparatus coupled to the Kappabridge KLY-2 susceptometer. The magnetic susceptibility of a sma11 amOlmt of crushed sample (0.25 cm 3 ) was measured at rising temperature, from 25 to 700 cC, in an argon atmosphere to prevent oxidation during heating. Figure 4a shows the variation of K with tempera ture. The analysed samples were selected to cover the whole range found in the El Hongo pluton; they include the specimen with the highest susceptibility (H29, K � 6570 X 1O-6 SI) and samples "With intermediate (H9, K = 4060 X 1O-6 SI) and low K values (H3, K = 249 X 1O-6 SI). The heating run of sample H29 refl ects the presence of magnetite, as ShUWll by the gentle increase in susceptibility "With rise in temperature owing to the Hopkinson effect and the sudden drop of susceptibility at c. 580 cC, the Curie temperature for this mineral (Fig. 4a) . Sample H9 is characterized by fairly constant K lllltil the Curie point (575 cC), after which it drops. The temperature at which the drop occurs suggests the presence of magnetite. The curve for sample H3, which has the sma11est magnetic susceptibility, remains constant up to 460 cC then rises, fo11owed by a drop at 580 cC, suggesting the presence of trace amollllts of a ferromagnetic phase, which is transformed to magnetite during the heating rllll.
Anisotropy of remanent magnetization
The anisotropy of remanent magnetization has been studied in magnetite-bearing samples with high and intermediate K values, to determine the preferred orientation of magnetite grains. Remanent coercivity spectra were obtained deriving the curve values from the magnetization of the sample by applying a sma11 steady fi eld (500 Il-T d.c. fi eld), superimposed on an a.f. of 100 mT, fo11owed by gradual demagnetization by an a.f. fi eld. Remanence \Vas measured using an LDA3-AMUl demagneti zer anhysteretic magnetizer and a JR5A magnetometer manu factured by Agico.
The resulting spectra ( Fig. 4b and c) show a llllimodal distribution having low-coercivity carriers. Because coercivity is inversely linked to grain size (Jackson et al. 1988; Jackson 1991; Trindade et al. 2001 ) these samples appear to be dominated by large magnetite grains, supposed to be in a multidomain range.
The anisotropy of remanent magnetization (ARM) \Vas measured in samples H9 and H29, using the anisotropy of partial anhysteretic remanence (pAAR) (Jackson et al. 1988 ). This procedure consists of cycles of anhysteretic remanence acquisi tion, measurements and demagnetization at different positions for each sample. A six position measurement scheme \Vas used, which corresponds to three mutua11y orthogonal positions and their opposite directions. The anisotropy of partial anhysteretic remanence was determined in the 2 20 mT (PAAR2 20) "Win dow, which includes 67% of the bulk magnetization of the samples (shaded areas in the remanent coercivity spectra shuwn in Fig. 4b and c) . This range \Vas chosen to avoid the effect of parasitic viscous remanences from the first steps, 0 2 mT, and instability at >20 mT.
The pAAR2 20 fabric is assumed to refl ect the preferred orientation of large magnetite grains and is coaxial to the AMS e11ipsoid ( Fig. 4b and c) . This indicates that pAAR2 20 and AMS fabrics could be interpreted in the same way at sites where ferromagnetic minerals carry most of the bulk magnetic suscept ibility. It is now we11 established that in ferromagnetic granites the AMS mainly refl ects the shape fabric of grains of magnetite (Gregoire et al. 1998) . Because in the El Hongo pluton magnetite grains are elongate para11el to the biotite cleavage (Fig. 3e) , the measured magnetic fabrics afford accurate images of the rock fabric and therefore can be used to infer the internal structure of the pluton. This conclusion is supported by the good correlation between the magnetic foliation and the fi eld foliation, and is also consistent with the lack of clusters of magnetite grains, which could produce magnetic interactions between neighbouring grains that would lead to anomalous magnetic fabrics (Bouchez 1997).
Magnetic fa bric patterns
The ASM e11ipsoid-shape parameter (T) varies between -0.06 and 0.82 with a mean value of 0.36 (Table 1 ). The majority of the sites fa11 within the fl attening fi eld (0 < T < 1) indicative of dominant oblate magnetic fabrics. At most of the sampled sites, magnetic fabrics show a rather homogeneous orientation characterized by pronounced obliquity between the magnetic foliation and the pluton elongation (Fig.  5) . The magnetic foliation (average NI68°, W58°) strikes north south and dips steeply to the west throughout the granite massif, except for a narrow zone close to the northern contact, where the foliation becomes para11el to the contact (Fig. 5) . Although the advanced alteration along the southern border zone precludes the extraction of samples for AMS analyses, fi eld observations reveal foliations para11el to the contact in that sector (Fig. 5) . In those outcrops where layering or magmatic foliation have been ob served, both planar structures have the same orientation. Figure  5b shows the para11elism between the two fabrics at two distinct sites. Microstructural observations on xz thin sections lend support to the concordance between the magmatic and magnetic foliations, as magnetite grains are usua11y fOlmd as elongate inclusions para11el to the (001) cleavage of the host biotite crystals (Fig. 3e) . It is worth noting that a11 along the southern border zone the foliation of the coarse-grained samples abuts at high angle against the contact with the COlllltry rocks (Fig. 5a ), which agrees with the fi eld observation of a sharp structural change from the central coarse-grained facies to the marginal fine-grained facies. The magnetic lineation trends north south and plunges steeply to the south (average lineation: 60°1188°), except in the narrow corridor that forms the northern border zone. Plllllges greater than 50° are concentrated in the eastern part of the southwestern quadrangle (Fig. 5a) , suggesting the existence of a possible root zone below that area.
Gravity data and 3D geometry
A gravity survey -was carried out over the granite and surround ing areas of COlllltry rocks to investigate the shape of the pluton at depth. Within the pluton, the average spacing between gravity stations -was c. 300 m. Outside the massif data were co11ected along mOlllltain tracks at an average spacing of 1 km. Gravity measurements were made with a Lacoste & Romberg gravimeter "With a precision of ±0.01 mGa1. Elevation data were determined using a barometric altimeter with a precision of ±0.5 m, equiva lent to ±0.1 mGa1. Gravity and elevation measurements were acquired in cycles of less than 2 h to minimize drift. Measured stations were located in places with smooth topography so that the effects of topography arolllld the stations can be neglected. Te rrain corrections were calculated from 150 m to a distance of 22 km using a density of 2.67 g cm-3 . The normal gravity at sea level was determined using the World Geodetic System (WGS'84) formula. The density reduc tion used -was 2.67 g cm-3 . Bouguer anomaly data are relative because of the lack of a calibration base station of known absolute gravity value. Gravity data were interpolated by kriging to a regular grid of 250 m X 250 m to produce a Bouguer anomaly map and showed a distinct east west regional trend, which is transverse to the gravity low associated with the pluton and also to the pluton bOlllldaries. This regional trend, assumed to be due to deep sources, -was removed by using a second degree polynomial surface. Figure 6a shows the residual anomaly map obtained. The Hongo pluton produces an overa11 residual anomaly with an amplitude of about 7 mGal and a NNE SSW trend. Two negative residual anomalies and a positive one characterized by shorter wavelength and trending north south to NNE SSW overprint the large one.
The dimensions, density contrast and depth of an anomalous gravity source, such as a granite body, affect the appearance of the gravity anomaly. To investigate pluton dimensions and geometry we mode11ed the residual anomaly. Four density models crossing the minimum anomaly values were constructed. Two models are transverse to the pluton main axis and the other two are para11el to this axis (Fig. 6b) . Each model consists of two density bodies representing the trondhjemite and the host rock. The end effects owing to the limited lateral extent of the pluton were corrected considering it as a 2D structure. From density measurements of rock samples, we find that trondhjemite and host rock main densities are 2.64 g cm-3 and 2.78 ± 0.04 g cm-3 , respectively. The geometry and density were adjusted lllltil the discrepancies between the model anomaly and the residual anomaly were sma11er than an error of 1 %. The best fi t was achieved by using a density of 2.64 g cm-3 for the trondhjemite and 2.82 g cm-3 for the host rock. Observed mini mum residual anomalies were matched with deeper extents of Red dots indicate measuring sites. (b) Modelled gravity profiles. Models 1 and 2 correspond to transverse sections whereas models 3 and 4 are parallel to the elongation of the pluton. Using representative density values of 2.64 g cm 3 and 2.82 g cm 3 for trondhjemite and host rock, respectively (see text for explanation), these profiles reveal significant changes in the orientation of the granite host-rock contact, which carulOt be extrapolated from the field or AMS structural data alone.
trondhjemite body, which we interpret as two NNE SSE roots in the Hongo pluton. To the west, the trondhjemite extends to 1 1.25 km below sea level The eastern negative minimum -was fi tted using a 0.750 km body thickness. Maximum values are related to a trondhjemite depth of a few tens of metres.
Discussion
Fault-controlled ascent of the magma
The emplacement of the Hongo pluton is post-kinematic in relation to the penetrative structures of the country rocks related to the Famatinian orogeny, as evidenced by the sharp and discordant contacts between the granite and the COlllltry rocks (Figs 1 and 2) . However, the para11elism and elongate shapes of the Calmayo and Hongo plutons (Fig. 1) suggest some form of tectonic control during the formation (ascent and/or emplace ment) of both plutons. In this regard, it is worth noting that plutons related to \VIench zones often display elongate shapes in map view (Hutton 1988; Hutton & Reavy 1992) . The interplay between faulting and magmatism often occurs during the ascent of the magma or at the locus of granite emplacement, and has been widely reported from studies of synkinematic granites associated with contractional (Tobish & Paterson 1990), extensional (Hutton et al. 1990; Boui11in et al. 1993 ) and strike-slip shear zones (Gui11et et al. 1985; Hutton & Reavy 1992). There are several possible reasons for such inter actions; for instance, shear zones may form laminar discontinu ities with lower strength than the surrollllding -wa11 rocks, or movements along releasing braided strike-slip faults may produce local extensional stress fi elds (Vigneresse & Bouchez 1997). Consequently, fracture zones can act as channels for the rapid ascent of granite magma (Clemens & Mawer 1992; Cruden et al. 1999a,b) and make space for the emplacement of the magma into the continental crust (Dehls et al. 1998; Petford et al. 2000) . On the other hand, the thermal weakening induced in the country rocks by the storage of huge volumes of hot magma may facilitate the development of accommodation faults along the intrusion edges, as suggested by natural examples (Aranguren et al. 1997 ) and demonstrated by analogue models of granite intrusions in extensional settings (Roman Berdiel et al. 2000) . By using fi eld, AMS and gravity data, this detailed structural study of the Hongo pluton provides a new view on the inter actions between granites and shear zones, even for a supposedly post-tectonic granite, because the ascent and emplacement of magma were contro11ed by buried fractures.
Field and AMS data reveal a fairly homogeneous internal structure characterized by four main features: (1) the steep dips of , the granite layering and the foliations; (2) the steep plunge (mean plllllge c. 600SSE) of the lineation; (3) the strong obliquity of the dominant north-striking foliation to the ENE elongation of the granite body; (4) the development of fine-grained facies showing ENE foliations in the long margins of the pluton. At first glance, such features point to the gwwth of the granite massif as a steep sided plug extending deep into the continental crust. Together -..vi th the two narrow bands located along the northern and south ern pluton margins, where foliation is para11el to the contact with the COlllltry rocks, the overa11 trajectories of the foliation seem to delineate sigmoidal patterns (Fig. 5) 1982; Gleizes et al. 1999) . The sigmoidal pattern of the Hongo pluton might be interpreted in the same -way and the ENE foliation of the external facies be explained by defl ections of the north-trending foliation of the central facies during the motion of a strike-slip shear zone. However, the S-or Z-shape of such sigmoid foliation is not we11 established, nor is the corresponding dextral or sinistral shear sense.
The structural interpretation for the fi eld data must be modifi ed in light of the results from the gravity study, a conclu sion that is often reached when the shape of the pluton at depth is also taken into account (Ameglio & Vigneresse 1999) . The gravity mode11ing of the El Hongo granite is characterized by the existence of two negative gravity anomalies with NNE SSW elongation below the central portion of the pluton connected with a very thin and fl at.1ying granite sheet. Such a 3D shape implies that this pluton can no longer be considered as a vertical plug, but may be regarded as a very thin and fl at-lying granite tongue resting on two steep-sided granite -wa11s (Figs 6 and 7) . From their fUllllel shape and the existence of lineations with steep plllllges, we interpret the gravity anomalies as root zones that acted as feeder conduits for the construction of the pluton. The subsequent lateral spreading of magma would end in the coalescence of these two initia11y independent granite plugs. The synform that preserves the roof of the pluton marks the suture zone between them (Fig. 7) , by analogy with the interpretation of equivalent structures in salt canopies (Jackson & Talbot 1993) . In this context, the rhythmic granite layers display a uniform north south and steep-dipping orientation nearly concordant -..vi th the negative gravity anomalies (Figs 5 and 6) whereas, at first glance, the lateral spreading of magma should promote the development of fl at foliations and granite layers. It is reasonable to suppose that these layers record sequential magma inputs ascending as vertical sheets through the feeder dykes with very short breaks between magma extraction. A likely consequence of repeated dyke-like intrusions is that older and younger magmatic pulses probably had different viscosities when they came into contact, as they crysta11ized quickly and in different times. This could be an effi cient mechanism to prevent magma mixing and preserve the magmatic layering. The sma11 volume of magma supply required to form the El Hongo pluton and its emplace ment at a sha110w level would ensure the fast cooling required to freeze the magma at the emplacement site quickly after its ascent (Fig. 7) . The obliquity of the NNE-trending feeder channels with respect to the ENE elongation of the pluton suggests that they correspond to en echelon fractures associated with a buried sinistral strike-slip shear zone para11el to the pluton elongation (Fig. 7) . Similar kinematic interpretations, based on AMS map patterns alone, have been proposed for plutons in the central Sierra Nevada, California (Tobisch & Cruden 1995), and a large batholith in the Variscan belt of Spain (Aranguren et al. 1997) . However, map patterns that might indicate fracture feeding of plutons are difficult to document because of subsequent emplace ment-related fl ow (Tobish & Cruden 1995) . This question is overcome in the present study because the vertical feeder channels are indicated by the negative anomalies of the gravity map (Fig. 6 ). The angle of some 20° between the NNE-trending feeder channels and the north-trending layers suggests a sma11 cOlmterclocbvise rotation of formerly NNE-trending layers, consistent with the sinistral motion of the strike-slip shear zone. The incipient solid-state deformation and the ENE-trending foliation of the marginal, fine-grained facies can be related to this rotation. On the other hand, the lack of solid-state deforma tion in the central facies is consistent with the maintenance of high-temperature conditions (close to the granite solidus) during the rotation, as such thermal conditions favour the concentration of deformation in narrow bands (Fleitout & Froidevaux 1980 ). An interesting structural result of this evolution is that the fabric of the overa11 pluton refl ects processes that occur at the emplace ment level (Cruden et al. 1999a; Gleizes et al. 1999) . The very constant orientation of the magnetic fabrics is frequently ex plained by an increment of regional tectonic strain that is frequently achieved in transpressional settings (Saint Blanquat et al. 1998) . A common feature of granitic plutons emplaced during transpressional tectonics is that they are commonly elongated and concordant with the major structures, folds and shear zones developed in the COlllltry rocks, as is i11ustrated by plutons of the Sierra Nevada mountains, in California (Tobish & Cruden 1995), the Axial Zone of the Pyrenees (Gleizes et al. 1998) and the Variscan belt of Spain (Vegas et al. 2001 ). However, we rule out a similar interpretation for the El Hongo pluton, because it is oblique, nearly perpendicular, to the regional structures of the COlllltry rocks (Fig. 1 b) . As an alternative interpretation, we consider that the very constant orientation of the magnetic fabrics in the El Hongo pluton (Fig. 5a) does not necessarily require an increment of regional tectonic strain, but rather that it points to formation of the pluton by amalgamation of cOlllltless vertical magmatic sheets ascending through vertical feeder conduits (Fig. 7) . The widespread preservation of vertical mag matic layers is consistent with rapid cooling. This mechanism of forming composite plutons from individual sheets that were added sequentia11y could be applicable to many other plutons and batholiths with similar foliation patterns (Tobish & Cruden 1995; Aranguren et al. 1997) . Nevertheless, the evidence of sequential intrusions would vanish, and be diffi cult to recognize, in granites whose fabrics were acquired at high temperature during slow cooling.
Was the emplacement controlled by the post-Famatinian extension?
It is clear that the generation of the thin and fl at granite canopy above the vertical feeding zones requires lateral spreading of the magma. However, in the El Hongo pluton the mechanism for the vertical arrest and accumulation of magma at the emplacement site is poorly constrained and difficult to reconcile with the known structure of the granite and the COlllltry rocks. According to the current structural knowledge of the region (Baldo et al. 1996; Martino 2003) there is a penetrative foliation dipping steeply to the ENE, and this seems to militate against the existence of a fl at-lying boundary that could act as a barrier to the vertical migration of the magma. We suggest that such a bOlllldary could be provided either by a buried top-to-the-west thrust contact associated with the nearly east west compressional fi eld produced during the subduction of the Famatinian arc or by a detachment related to a possible post-Famatinian extensional event. It is worth noting, however, that the compressional deformation of the Sierra Chica de Cordoba is we11 established Baldo et al. 1996) whereas the late extensional tectonics is not.
Conclusions
Anisotropy of magnetic susceptibility (AMS) analyses combined with fi eld structural data and microstructural observations a110w us to correlate the fabrics of magmatic and magnetic origin within the ferromagnetic El Hongo pluton, a trondhjemite massif belonging to the pre-Andean basement of the Sierras Pampeanas of central Argentina. These structural data have been comple mented by a gravity survey over the pluton and adjacent COlllltry rocks to obtain a detailed 3D image of the pluton's shape. Magnetic foliations strike north south and dip steeply to the west but in the marginal facies the foliation becomes para11el to the ENE WSW pluton contacts. Magnetic lineations mostly trend north south and plllllge SE. Gravity data reveal that the pluton is in the form of a very thin and fl at sheet resting on two NNE SSW-trending root zones located below the central portion of the pluton. These root zones represent feeder dykes that exploited tension fractures. We suggest that the emplacement of the El Hongo pluton took place during the action of a buried sinistral shear zone para11el to the elongation of the pluton and \Vas probably associated with the late extensional exhumation of the Famatinian domain.
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